ABSTRACT Heifer performance, diet composition, and forage composition were compared during rotational and continuous grazing of mixed pasture (alfalfa, tall fescue, orchardgrass). One hundred eighteen yearling heifers were used to compare the three grazing systems during 2 yr. Treatments included continuous (CONT), 6-paddock rotational (6-PADD), and ll-paddock rotational grazing (1 1-PADD). Rotational paddocks were grazed for 6 d (6-PADD) and 3 d (11-PADD). All rotational paddocks were rested for 30 d. Put-and-take heifers were used to maintain forage availability and measure stocking rate. Forage availability was determined using a rising-plate meter. One ruminally fistulated heifer grazed each pasture during the 1st yr to obtain composition estimates from reticulorumen evacuation samples. Standing forage was sampled before and after grazing to obtain forage availability and nutrient composition during the 1st yr. Daily gain did not differ ( P z . 5 ) among treatments. Rotationally grazed pastures had higher ( P < .05) stocking rates than CONT. Gain per hectare for 6-PADD was 40% greater ( P < .05) for the CONT, and gain per hectare for 11-PADD tended to be higher (34%) ( P = .06) than that for CONT. Organic matter intakes expressed as a percentage of BW did not differ ( P > .4) among treatments. Diet quality and forage digestibility were similar among treatments. Rotational grazing increased beef production per hectare by increasing stocking rate without decreasing daily gain or diet quality compared with a continuous grazing system.
Introduction
Rotational grazing is a form of controlled grazing in which a pasture is divided into paddocks. Grazing time and the number of paddocks are set to provide a similar period of forage regrowth for each paddock. It has been stated that a rotational grazing system can support higher stocking rates without a decrease or with a small decrease in animal gain per hectare through an increase in forage production per hectare (Whitter and Schmitz, 1990) . However, results can vary greatly depending on climate, soil, topography, weather, and type of forage and animals used in the experiment (Whitter and Schmitz, 1990) .
Continuous, or season-long, grazing is a common practice of grazing management throughout much of the United States. This system requires less management; however, stocking rates are lower than for controlled grazing (Heitschmidt et al., 1982) . Therefore, through greater stocking rates controlled grazing may improve the efficiency of beef production. pasture. A common area approximately 6 m wide was left along one end of the paddocks for access to water, free-choice minerals, and gates for adding and removing animals from the pasture. Each paddock in the 6-PADD pastures was grazed for 6 d and rested for 30 d. Paddocks in the 11-PADD pastures were grazed for 3 d with 30 d of rest. All rotational animals were rotated to new paddocks between 0800 and 0900.
Continuous and 6-PADD pastures were approximately 2.5 ha and 11-PADD pastures were approximately 4.5 ha. Pasture forage consisted of 50% alfalfa, 40% tall fescue, and 10% orchardgrass by visual estimate of all pastures. Prior management of all pastures consisted of corn production followed by 2 yr of hay before the onset of the experiment. Similar putand-take heifers were added or removed to maintain a forage density height between 8 and 15 cm as measured with a rising-plate meter (Michell and Large, 1983 ) after a paddock or pasture had been grazed.
Initial and final BW were determined by two fullweights taken on two consecutive days. Gain, stocking rate, and gain per hectare were calculated for the 50 heifers in yr 1 and the 68 heifers in yr 2. Additional put-and-take heifers were used in stocking rate determination but were not included in gain calculations. These heifers were added or removed to maintain the sward between 1,200 and 1,600 kgiha after grazing.
Excess forage was harvested from rotational pastures in the form of hay in yr 1. Paddock 6 in the 6-PADD pastures and paddocks 10 and 11 in the 11-PADD pastures were mown and baled during the 1st wk of the grazing season to prevent forage from becoming too mature before grazing. The yield was 1,225 kgha of dry matter. In yr 2, the last three paddocks were grazed in 6-PADD pastures and the last five paddocks were grazed in the 11-PADD pastures at the onset of the study to harvest excess forage and prevent forage from becoming too mature. Each of these four groups of pastures was grazed for 2 d by 60 cow-calf pairs. After 70 d, all pastures, including continuous pastures, were mown at a height of approximately 30 cm to prevent weeds.
Weather data were collected at the research center throughout the duration of the experiment (Figures 1 and 2 1. Rainfall and high and low temperatures were recorded each year.
Digestion Study. One ruminally fistulated heifer was assigned to each group of heifers during yr 1, resulting in two heifers per treatment. Fistulated heifers were similar in weight, genetics, and prior nutrition t o all heifers used in the experiment but were not included in gain determination. Four sampling periods were spaced at 35-d intervals throughout the experiment beginning 6 d after the study started. Chromic oxide was used as a marker to determine fecal output. Two gelatin capsules containing 7.5 g of Cr2O3 were inserted into the rumen at 0800 on d 1 through 13 of each collection period. Fecal grab samples were collected on d 11 through 13 of each period, composited by animal and period, and frozen at -20°C. Samples were collected every 6 h and sampling times were advanced 2 h each day to obtain 12 samples representative of a 24-h period and account for diurnal variation of marker within the feces.
Reticulorumen evacuation extrusa samples were taken according to the method of Lesperance et al. (1960 Lesperance et al. ( , 1974 to determine diet quality and intake via a dual marker method (Merchen, 1988) . On d 14, 17, and 20 of each period, all fistulated heifers were caught at 0600 and brought to a working area. Animals were restrained and each animal's solid digesta were removed and placed in a 250-L, openhead metal barrel. Heifers were then placed in a squeeze-chute and the liquid portion of reticulorumen contents was placed in the same barrel using a wetdry vacuum (Model 970, Shop-Vac, Williamsport, PA), Barrels of reticulorumen contents were sealed with lids during sample collection. Inner walls of the reticulorumen were rinsed twice with water, and rinse water was removed with the vacuum into a separate barrel and discarded. Cannula plugs were replaced and animals were led to pastures in pairs to graze freely for 1 h. Approximately 1 kg of extrusa sample was taken immediately after grazing and frozen at -20°C. After samples were collected, the original digesta were replaced and animals were returned to their respective pastures.
All animals were sampled on the same day to avoid possible weather effects on grazing. For 6-PADD animals, this allowed collection of a diet sample at the beginning, middle, and end of grazing a single paddock. For 11-PADD animals, this allowed collection of three diet samples corresponding to the beginning and end of grazing one paddock and the end of grazing the following paddock.
Clipped forage samples were taken before and after grazing of paddocks during each period to measure forage availability and composition during yr 1. Three randomly selected strips 3 m x 56 cm were mown with a lawn mower to a 5-cm height approximately 20 h before and within 20 h after grazing of a paddock. Samples were weighed and an equal percentage of the wet weight was composited by pasture and immediately frozen at -20°C.
Sample Analysis. Fecal samples were thawed, dried at 55°C in a forced-air oven, ground in a Wiley mill to pass a l-mm screen, and analyzed for DM and OM (AOAC, 1975) and NDF, ADF, and ADL (Goering and Van Soest, 1970) . Daily extrusa samples and clipped samples were lyophilized, ground to pass a l-mm screen, and analyzed for DM, OM, and Kjeldahl N (AOAC, 1975) and NDF, ADF, and ADL (Goering and Van Soest, 1970) :
To remove interference from starch in all NDF samples, a procedure similar to that described by Jeraci et al. (1988) was used. One gram of sample was added to a 400-mL Berzelius beaker and 100 mL of NDF solution was added. Then, .2 mL of heat-stable a-amylase Termamyl 120 L2 was added and the mixture was refluxed for 1 h. The residue was then suction-filtered through 12.5-cm Whatman 541 filter paper, dried at 105"C, and then ashed to express results on an OM basis. Chromium concentration in feces was determined according to the method of Williams et al. (1962) . Daily fecal output was calculated as daily Cr intake/Cr concentration in feces. Extrusa and fecal samples were analyzed for alkaline hydrogen peroxide lignin (APL) as an internal marker according to the procedure described by Sunvold and Cochran ( 199 1 1. Daily extrusa samples were composited by animal and period after drying and grinding for APL determination. Extrusa samples from CONT and 6-PADD treatments were each composited by subsamples of equal weight. Samples from 11-PADD treatments were composited by two parts of the beginning sample and one part from each of the two end samples within a period. All results are reported on an OM basis to account for possible soil contamination.
Statistical Analysis. Least square means for gain, stocking rate, and gain per hectare were calculated using analysis of variance and the GLM procedure of SAS (1985) with pasture as the experimental unit. The model statement for analyzing performance data contained gain per hectare, stocking rate, and daily gain as dependent variables and replicate, treatment, and year and their interactions as independent variables. The forage data were analyzed using a splitplot analysis and the following models. Available forage and intake data were analyzed using a model containing quantity of OM and concentration of NDF, ADF, ADL, and CP as dependent variables and replicate, treatment, period, and their interactions as independent variables. Apparent total tract digestibility of nutrients was analyzed using a model containing OM, NDF, ADF, and CP digestibility as dependent variables and replicate, treatment, period, and their interactions as independent variables. Models for comparing compositional data on a single day contained NDF, ADF, ADL, and CP concentration as dependent variables and replicate, treatment, period, and their interactions as independent variables. To evaluate day effects on intake data, a model using NDF, ADF, ADL, and CP concentration as dependent variables and replicate, treatment, period, day, and their interactions as independent variables was used. Treatment mean differences were separated using the F-test for least significant differences. If interaction effects were not significant ( P > .05), the data were analyzed after removing these effects from the model.
Results and Discussion
Growth and Study. Weather data for both years are given in Figures 1 and 2 . Both years experienced above-average rainfall during the spring followed by below-average rainfall during the summer. Total precipitation for 1990 was 60.89 cm during the 25-wk period of April through mid-September. Total rainfall for 1991 was 67.54 cm during a 24-wk period. Normal precipitation (since 1979) for this period is 53.24 cm. Average high temperatures were 24.9"C and 29.6"C for 1990 and 1991, respectively. The normal high temperature (since 1979) for April through September is 25.7"C.
Animal performance and pasture productivity are listed in Table 1 'CONT = continuous grazing, 6-PADD = 6-paddock rotational grazing, 11-PADD = 11-paddock rotab,cLeast squares means in a row with different superscripts differ ( P e .05).
tional grazing.
from intake and forage composition estimates (NRC, 1984) . This shows that rotational grazing did not decrease individual heifer performance. Equal daily gain between rotational and continuous grazing has been observed in heifers (Olson and Malechek, 1988; Nelson et al., 1989) and steers (Pitts and Bryant, 1987; Hart et al., 1988) . Whittier and Schmitz (1990) observed that animal performance can be decreased with rotational grazing. The quantity of forage available toward the end of cell grazing may have influenced animal performance. Mean stocking rate of the two rotational treatments was 42% greater (1.28 heifershectare) than CONT. Increased stocking rates in rotational vs continuous grazing was observed by Volesky et al. (1990) using variable stocking rates. In this study, gain per hectare was 40% higher ( P < .05) for 6-PADD than for CONT pastures. Gain per hectare of 11-PADD tended ( P = .06) to be higher (34%) than that of CONT. Increased gain per hectare from rotational vs continuous grazing was also observed by Ruane and Raftery (1964) and Hull et al. (1967) .
Year influenced animal performance and pasture production ( Table 2) . Stocking rates were higher ( P < .05) in yr 2 than in yr 1. This increase could be a result of nearly 7 cm more rainfall in yr 2 than in yr 1, which resulted in more forage production. Gain per hectare was not different ( P > .8) between years. Because gains were similar, stocking rates increased from yr 1 to yr 2 and there was no treatment x year interaction ( P > .161; any carryover treatment effect on pasture forage production was minor.
Digestion Study. The quantity and composition of standing forage before and after grazing between treatments is listed in Table 3 . No period x treatment interactions were present ( P > .19); therefore, only main effects are reported. There was 18% more ( P < .05) forage available per hectare before grazing in 11-PADD than in CONT pastures. Available forage before grazing in 11-PADD tended ( P = .08) t o be greater than that in 6-PADD. Because stocking rates in yr 1 were similar for 6-PADD and 11-PADD (3.94 and 3.80 heifersiha, respectively), it is unlikely that this result was directly related to stocking rate. However, due to a shorter grazing time less trampling could have occurred on the 11-PADD than on the 6-PADD treatment. This may have caused less death loss of plants within the 11-PADD sward. Sharrow (1983) also observed more forage available under rotational than under continuous grazing with ewes and lambs. Nelson et al. (1989) found short-duration grazing to provide more standing forage than continuous grazing for heifers. As expected, continuous pastures had more ( P < .01) available forage per hectare than did rotational pastures after a paddock was grazed. Continuously grazed forage was higher ( P < .01) in NDF, ADF, and ADL and lower ( P < .05) in CP concentration than rotationally grazed forage before grazing (Table 31 , except when the study started in the spring. These values correspond to available forage upon entry of the heifers into a paddock for the four periods and do not represent available forage during the entire period of grazing a paddock. Heitschmidt et al. (1987b) found continuously grazed forage to be lower in CP concentration than rotationally grazed forage due to a greater quantity of dead forage. We observed no differences between treatments in composition of available forage after a paddock was grazed. Continuous pasture forage was similar in composition before and after grazing. In both rotational treatments forage quality dropped substantially from before to after grazing.
Available forage before grazing started to decline in Period 3 and was significantly ( P < .Ol) lower in Period 4 than during the first two periods (Table 4) . Total forage remaining after grazing was numerically lowest in Period 4. This is likely due to the effects of a warmer, drier late summer (Figure 1) . In Period 1, the available forage before grazing was lower ( P < .05) in NDF and ADL and higher ( P < .01) in CP = continuous grazing, 6-PADD = 6-paddock rotational grazing, 11-PADD = 11-paddock rotational grazing.
'>'Least squares means in a row with different superscripts differ ( P < ,051. dieLeast squares means in a row with different superscripts differ ( P < .01).
concentration than during the following periods. Period 1 samples were taken only 6 d after the onset of grazing; therefore, all pastures had a large quantity of high-quality forage available. A similar pattern occurred in composition of available forage after grazing.
Period 1 values were also higher ( P c .05) quality than subsequent periods likely due to initial higher quality. There were no period x treatment interactions ( P > . 2 ) for either quantity or percentage of nutrient intake. Therefore, only main effects are reported ( Table 5 ) . Heifers that grazed continuous pastures tended to have higher estimated forage OM intake than did 6-PADD heifers ( P = ,061 and did have higher estimated OM intake than did 11-PADD ( P = .O 5 ) heifers. However, estimated OM intake expressed as a percentage of BW showed no differences ( P > .4) among treatments. Values for forage availability after grazing ( Table 3 ) and lack of difference in daily gain ( Table 1 ) further indicate that intake by rotationally grazed heifers was not limited due to forage availability. This possible trend toward lower intake under Composition after grazing a,bLeast squares means in a row with different superscripts differ ( P < .01).
c>d,e,fLeast squares means in a row with different superscripts differ ( P < .05). rotational grazing may be due to the fact that only lower-quality forage was available at the end of the grazing period in each paddock. Van Soest (1965) found fiber mass to inhibit intake in forages with high cell wall content. The point of decreased intake occurred above 50% cell wall (NDF) content on a DM basis. Values in our experiment for NDF concentration of the diet at the end of grazing a paddock were > 60% on an OM basis (Table 11) . Seoane et al. (1982) also found a negative relationship between NDF concentration and voluntary intake ( r = -.91). Forage OM intake did not differ ( P > .9) between 6-PADD and 11-PADD. Heitschmidt et al. (1987a) also observed no difference in intake when rotational systems were compared using different numbers of paddocks. Continuously grazed heifers consumed diets that were higher in NDF concentration than the diets consumed by 11-PADD ( P < .01) and 6-PADD ( P < .05) heifers. This corresponds to a higher percentage of NDF in the available forage in CONT pastures (Table 3 ) . However, dietary concentration of ADF, ADL, and CP did not differ ( P > .08) among treatments. Thus, rotational grazing did not decrease overall diet quality when averaged over the entire grazing season. Other researchers have observed similar diet composition between continuous and rotational grazing systems (Olson and Malechek, 1988; Nelson et al., 1989) and between continuous grazing and rotational grazing at two stock densities (Walker et al., 1989) . By comparing diet quality (Table 5 ) and the quality of forage available ( Table  31 , it seems that CONT heifers were most selective and rotationally grazed heifers were least selective.
Forage OM intake did not differ ( P > .12) among periods ( Table 6 ) . All diets seemed to be of lower quality in Periods 2 and 4. Period 1 samples were taken only 6 d after the onset of grazing, so available forage was high-quality for all treatments. The lower quality in Period 2 may have been due to consumption of residual forage from Period 1. Period 3 diets possessed less residual fibrous material, possibly due to the pastures' being clipped at the end of Period 2. Period 4 diets may again reflect consumption of the residual material remaining from Period 3.
Apparent total tract digestibility of OM, NDF, ADF, and CP did not differ ( P > . 6 ) among treatments (Table 7 ) and no period x treatment interactions were present ( P > .4). Therefore, only main effects are reported. Olson and Malechek (1988) and Nelson et al. (1989) similarly observed no influence of grazing system on digestibility.
Nutrient digestibilities among periods are given in Table 8 . Period 2 diets were less ( P < .05) digestible than Period 1 diets for CP. Digestibility of OM, NDF, and ADF in Period 2 also tended ( P = .07) to be less than that in Period 1. When we compared the diet composition on d 1 of each period, period x treatment interactions were present ( P < .01) for ADF and ADL concentration (Table 9) . These values represent diet composition upon entry of the heifers to a paddock (d 1). Heifers grazing continuously consumed diets in Period 2 that were higher ( P < .05) in fiber and lower ( P < .05) in CP concentration than those in Period 1. a,b%east squares means in a row with different superscripts differ ( P < .05). d9eLeast squares means in a row with different superscripts differ ( P < ,011. This was due to the lush forage available before grazing in Period 1 ( Table 3) . Diets of rotationally grazed heifers were less variable among periods on d 1. After Period 1, upon entry to a new paddock, rotationally grazed heifers consumed higher-quality ( P < .05) diets than did CONT heifers. Values for composition of available forage before grazing ( Table  3 ) followed a similar pattern. Continuously grazed available forage was of lower ( P c .05) quality than rotationally grazed forage. Period 1 diets were not different ( P > .06) among treatments for NDF and ADL concentration (Table 9 ). Because samples were collected soon after the onset of grazing, treatment (Table 10 ) were similar to those on d 1 ( Table 9) . Diets of continuously grazed heifers did not differ ( P > . l ) across periods in percentage of ADF, ADL, and CP (Table 10 ). The only difference ( P < .05) in percentage of NDF of CONT aCONT = continuous grazing, 6-PADD = 6-paddock rotational grazing, 11-PADD = 11-paddock rotabSEM for 11-PADD Period 1 = 6.6 for NDF, 1.4 for ADF; .37 for ADL; 2.1 for CP, due to a missing tional grazing.
value.
C~d,e~f~g~hLeast squares means within each nutrient with different superscripts differ ( P e ,051.
iPeriod x treatment interaction ( P e .01). aCONT = continuous grazing, 6-PADD = 6-paddock rotational grazing, 11-PADD = 11-paddock rotational F g . b,c, 3eLeast squares means within each nutrient with different superscripts differ ( P < ,051. diets occurred between Periods 1 and 4. There were no significant ( P > .05) differences in any components of the diet between 6-PADD and 11-PADD treatments. When intake on the last day of grazing a paddock was compared to the composition of available forage after grazing (Table 31 , composition of diets of heifers that were rotationally grazed was much closer to available forage composition. This shows that rotationally grazed heifers were much less selective during the last day of grazing paddocks than CONT heifers were. This was anticipated, because CONT heifers had access to the entire pasture, which allowed selectivity. Table 11 lists the composition of diets taken at the beginning and end of the grazing period in a paddock or pasture. Treatment x day interactions were present ( P c .001) for all components of the diet. Treatment x period interactions were not present ( P > .1). Therefore, only the effects of day and treatment are given. The 11-PADD END means were mean values of both samples taken at the end of grazing in each period. Composition of diets by continuously grazed heifers did not differ ( P > .1) between d 1 and 6 of a period. The 6-PADD and 11-PADD treatments differed ( P c .05) only in NDF concentration on d 1. All other components of the diet did not differ on either day between rotational treatments. In comparing CONT and rotational treatments, CONT diets were lower ( P c .01) in quality on d 1 for all components. These means correspond with differences in available forage before grazing given in Table 3 and differences in intake on d 1 given in Table 9 . On the last day of a period, CONT diets were higher ( P c .05) in quality ADL. .9 for CP, due to a missing value.
superscripts differ ( P < .05).
superscripts differ ( P < .001).
superscripts differ ( P < ,011.
than rotational diets. Similar day effects have been observed by Ralphs et al. (1986) and Olson et al. (1989) in rotational grazing systems.
Implications
A properly managed rotational grazing system can increase beef production per hectare with similar gain per animal compared with continuous grazing. A sixpaddock system in which each paddock was grazed for 6 d and rested 30 d was sufficient to support this higher level of production. Increasing paddock number from 6 to 11 did not improve animal gain or gain per hectare and required more fencing and management.
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